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(g) A subtemanean zona located in a weil is 
treated t>y injecting a treating composition into 
the weil to place ttie treating composition in tlie 
subterranean zone, ttte treating composition 
oomprising a gelled carrier; a particulate ma- 
terial; an epoxy resin system Including at least 
one epoxy resin ; and a finely-divided hardening 
agent which, when dissoh^ed, is operable for 
hardening the epoxy resin, ttie finely-divided 
hardening agent t>eing dispersed In the epoxy 
reski system. The finely-divided hardenirig 
agent is maintained under oondtiona such that 
prior to ejecting the composition into the weU, 
the fviely-divided hardening agent doaa not 
substantlatty dissolva 
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(g) Conaolidatabia particulata material and well traalmant method. 



I A subtenanean zone located In a well Is treated by Injecting a treating composition into the well to 
place the treating composition in the subterranean zona, the treating composUon comprising a gelled 
carder ; a particulata material ; an epoxy resin system Including at least one epoxy resin ; and a 
finely-divided hardening agent which, when dissoh^ed. is operable for hardening the epoxy resin, the 
finely-divided hardening agent being dispersed in the epoxy resin system. The finely^lvided hardening 
agent is maintained under conditiona such that prior to injecting the composition Into tha well, the 
finelyKlivided hardening agent does not substantially diaaoh/e. 
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The present invention relates to a method of treating a subtenranean formation using a oonsdidatable 
epoxy resin-coated particulato material. 

Consofldatabie epoxy resin-coated particulate materials have been used heretofore in various well treat- 
ment operations. Consolldalable epoxy resln^oated sands have been used, for example, for gravel packing. 

5 for the development of controied permeability synthetic fonnatlons within subtenranean zones, and as prop- 
pant materials in formation fracturing operations. Due to their desirable permeability and compressive strength 
characteristics, consdidatable epoxy resin-coatod particulato matoriala are especially well-suitod Ibr treating 
semiconsolidated and unconsolidated formations which contain loose or unstobis sands. 

As used herein, the term -consdidatable epoxy resin-coated particulato materiaT refers to a particulate 

10 matoriirf which la coated with an uncured or only partialy cured epoxy reski composition. Typkaly, the coo- 
sdidatoble epoxy resin-coated particulate material will be Injected into a subterranean zone using procedures 
whereby the epoxy resin does not substantially hardsn until after the particulato material has been ddivered 
to a desired location within the fomiation. The consolidatoble epoxy realn-coaled partlcdato matorlal wil typ- 
ically harden within the formation to form a hard, consolidated, penfneable mass. 

15 Wen treatment methods utilbung consolidateble epoxy resin-coated particulate materials are disclosed, 
for example, in U.S. Patent No. 5,128,3go. The entire disdosure of U.S. Patent No. 5,128,390 Is incorporated 
herein by reference. 

U.S. Patent No. 5,128,390 dtedosee a method for continuously forming and transporting consdidateble 
reemcoated particulate materiato. In the method of U.S. Patent No. 5,128.390, a stream of gdled aqueous car- 

20 rier liquid Is continuously mixed widi a particulato material (e.g., sand), a hardenabte epoxy resin composition, 
and a surtece active agent The resulting continuous composition Is delivered to and/or injected into a desired 
subterranean zone. As the continuous mbctura ftows down the wdi tubing toward the subterranean zone, the 
composition Ingredients are thoroughly mixed such that the gel-suspended particulate material is coated with 
the hardenable epoxy resin composition. After being placed in the subterranean zone, the epoxy resin com- 

25 position Is allowed to harden whereby tiie resin-coated particulato material forms a hard, permeabte, consoS- 
datedmass. 

The hardenable epoxy resin composition used in ttie mettiod of U.S. Patent No. 5.128,390 is generally com- 
posed o^ a polyepoxide resin carried in a sdvent system; a hardening agent; a coupling agent; and a hardening 
rate controller. The hardening agent used In tiie metiiod of U.s; Patent No. 5,128,390 is either (a) an amine, 

30 a polyamine, an amide, and/or a pdyamlde dissolved in a suftabte sohrent or (b) a liquid eutectic mixture of 
amines diluted with metiiyl alcohd. 

Unfortunately, wdl treatment methode of the type disdosed In U.8. Patent No. 5,128,390 are not well- 
suited for use in high temperature subtenranean fonmationa. Consdidated epoxy/hardener oompoeitions of tiie 
type used in the methods of U.S. Patent No. 5,128,390 typically cannot withstend temperatures substentiaRy 

35 exceeding about 200^" F. However, such temperature conditions are commonly encountered in subterranean 
fbrmations. 

Thus, a need presently exists for a consdidateble reslncoated particulate materid and method which can 
be used for treating high temperature subterranean zones and formations (i.e., zones and formations having 
temperatures exceeding about 200» F). 

40 Diaminodiphenyteuifone (DOS) has been used heretofore as a hardener in certain epoxy resin composi- 
tions. DDS generally provides high tamperatiro redstenos and high chemlcd resistence propertiea. At ambient 
conditione, DDS la typically a sdid materid which will not substantially dissdve In most of the sdvents and/or 
diluents used in epoxy resin systsms. Thus, when Mending DDS with an epoxy resin, the blend componente 
must typicdiy be heated suffidently to enable tiie DDS to be dissdved in the epoxy redn systsm. 

45 In view of tiie difficulties encountered when blending DDS witii epoxy resins, the use d DDS as an epoxy 
resin hardener in wdl treatment operations hae not heretdore been a vlabte dternative. The heating and blend- 
ing operations required for dissoMng DDS in epoxy resin systems typicdiy cannot be economicdiy and con- 
veniently conducted at the wdl sito. Additionally, it is generdly not possible to perfonm tiie blending operation 
off-dto and then delhrer tiie DDS/epoxy redn btend to the wdl dto dnce: (a) tiie resulting DDS/epoxy resin 

so composition will typically have a very short pot llfis; (b) ttie DDS/epoxy redn composition will, in many cases, 
harden bdbre it can be ddh^ered to tiie wdl sSe and used; and (c) even if the Uend does not harden before 
use, any excess materid produced and deOvered to the wdl sito is dmply wasted. 

We have now devised a mettiod of treating a subterranean formation udng an epoxy resin-coated partic- 
ulato material composition. 

55 According to ttie present invention, there is providsd a mettiod of treating a subtenranean zone in a wdl, 
which mettKXI comprtoee ttie steps Gf. 

(a) hjecting a treating composition into ttie wel to place ttie ^^rnipositbn in ttie said, subterranean zone; 
wherein ttie treating composition comprises a geHed canrier, a articulate materid, an epoxy resin system 
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including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is operable 
for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being dispersed 
in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well m accordance with step (a), the finely-divided hardening agent is not substantially 
dissoh/ed. 

One preferred finely crvidec hardening agent for use in the invention is 4,4'-diaminodiphenylsulfone. 

The present invention rmoives various problems encountered her^otore in the use of DOS and similar 
high temperature harden*^ agents. The components of the well treating composition can be conveniently and 
economicaily blended at the wrel site using standard mbdng techniques and devices. Since the f inely^dhdded 
hardening agent used in the mentive composition does not substantially dissoh^e until after the composition 
is pumped Into the well, there s very little chance that the epoxy resin component of the composition will sig- 
nificantly harden before the composition is property placed downhole. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher comprsssive strength and a 8ul>stantially 
higher fracture conductivity than does uncoated sand. Thus, the composition and method are welt-suited for 
use in gravel packing operatons. fracturing procedures, and other such well treating techniques. 

If desired, the epoxy resm and finely-divided hardening agent components of the inventh/e composition 
can be premixed to provide a one paduige epoxy system having a desirably long pot lifo. The inventive one 
padcage epoxy system will not substantially harden until the temperature of the system Is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissolve. When, for example, the finely- 
divided hardening agent used in the inventive one padcage system is 4,4 -dlaminodiphenylsulfone, the one 
padcage system can typically be stored for more than 25 days at temperatures not substantially exceeding 
75* F. 

Further objeds, features, and advantages of the present invention will be readily apparent to those skilled 
in the art upon reading the fdlowing descriptkm of the preferred embodiments. 

DESCRiPnOW OF THE PREFERf^P EMBOPiMENTS 

As indicated above, the inventive well treating composition comprises: an epoxy resin system; one or more 
f Inely-dfvkied hardening agents which, when dissolved, is (are) operable for hardening the epoxy resin system; 
a gelled canier and a particulate material. The inventh^e well treating composition can optionally indude one 
or more members selected from the group consisting ot a solvent or soWent system for the epoxy resin system; 
a diluentordlluent system for the hardening agent; one or more coupling agents; one or more compounds which 
are operable for crosslinking the epoxy resin system; various surfactants; hardening rate controllers; methanol; 
and one or mora aliphatic alcohds. 

The epoxy resin system used in the inventive weH treating composition is composed of one or more epoxy 
resins which (a) will coat the particulate material when the partk:ulate material is suspended in the gelled carrier 
and (b) wIP harden when placed downhole such that the epoxy resln-coated particulate material is thereto con- 
sdklated to ibnm a hard permeable mass. Examples of epoxy resins prsfisrred for use in the present Inventfon 
include: the diglycklyl ethers df bisphenol-A; the digtyddyl ethers of bisphend-F; the glycMyt ethers of amino- 
phenote; the glyddyl ethers of methylenedianiline; and epoxy novolacrssins. The epoxy resins used in the in- 
ventive wel treating compositfon will preferably have epoxkJe equhmlent weights (EEW) in the range of from 
about go to about 300. The EEW of an epoxy resin is determined by dividing the mdecular weight of the epoxy 
resin by the number of epoxide groups contained in each molecule of the epoxy resin. 

The epoxy resin system used in the inventive well treating compositkNi can also indude a solvent or solvent 
system. When used, the solvent or solvent system will preferably be induded in the epoxy resin system In an 
amount sufficient to ensure that the viscosity of the epoxy resin system does not substantially exceed about 
5000 centlpoise at TS"* C. Examples of sohrents suitable for use in the epoxy resin system indude polar organic 
diluents whfoh are reacthre with epoxide and pdyepoxkJe resins; pdar organk: diluents whk:h are substantially 
nonrsacthre with epoxy resins; and nuxtures thereof. Examples of suitable reacth^e pdar organk: diluents in- 
clude: butylglyddylether cresdgiyddylethen alMglyddylether; phenylglyddylether; and generally any other 
glyddyl ether which is misctfale with the epoxy restn(s) used. Examples of substantially nonreactive polar or- 
ganic diluents suitable for use in the epoxy reski system are disdosed in US. Patent No. 5,128,390. Prefened 
nonreactive pdar organk: diluents kidude: ethylacetate; butyl lactate; ^ lactate; amyl acetate; ethylene gly^ 
cd diacetate; and propylene glycd diaoetate. 

When possible, any sdvent used ki the kiventlve wdl treating compositfon will preferably be a material ki 
which the findy-dh/kled hardenkig agent will not substantially dissolve at ambient conditfons. 

The epoxy resin system is present In the kiventhre well treatkig compositfon ki an effective amount for con- 
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soiidating th« particiilats matsriai to form a hart penneabto mass. Typically, the amount of epoxy resin system 
used in the Inventive compoeWon wiH be an amount providing in the range of from about 1 to about 20 pounds 
of epoxy resin per 1 00 pounds of particulate material. When, for example, the epoxy lesin system consists es- 
sentially of a mbduie of N,N,N'.N'-tetraglycidyM.4-Hnethylenebisbenzamlne and l^butanedlol diglyddyl 
elher the amount of epoxy main system used In Oie inventive composition will preferably be an am^ 
vUlng In the range of from about 2 to about 5 pounds of epoxy resin per 100 pounds of particulate material. 

The hadening agent used in tiie inventive vmU treating composition can generally be any hardening agent 
which- (a) can be provided In f hely^dMded form; (b) can be readily dispersed in ttw epoxy resin system; (c) 
can be maintained under conditions such ttwt it wtti notsubstantialy dissohre prior to being injected miD a wel; 
and (d) will operate, vi»hen dissolved, to hanlen Uw epoxy resin system. The hardening agent is pieftaab^ 
material which wiH provide a hardened epoxy resh composition which (a) exhibits substantially higher com- 
pressive strengtti and fracture conductivity properties ttian does uncoated sand and (b) substantiaOy retains 
these properties at temperatures of at least about 328- F. Most preftaably, ttie haidening agent Is an agent 
which wil yield a hardened epoxy n»in composition which is wel-«utted for use at tamperatum 

of from about 200° F to about 350" F 

Exanpies of f ineiy^^livided hardening agents preferred for use m ttie present invention include: 4,4'-di»- 
minodiphenylsuHbne. 3,3r-diamlnodiphenylsulfone, motaphenylenediamine, 4.441 .4-phenytene(lHnethyl 
ethylidene)lbi8(ben2enamine). and 4,441.4-phenylene(1-methyleU»ylldene)lbls(2,6^mettiylbenzenamlne). 
Due to their relative low eoiubHMes In most epoxy lesin systems, aromatic diamines era particularly wel-suited 
tar use in the present invention. 

The hardening agent most profaned Itor use In the Inventive well treating composition is 4,4'-diamlnodl- 
phenyisulfone (4.4'-DD8). The sdubilRy of 4,4'-DDS In most epoxy reein systems is typicaly very low. Addi- 
tionally, hardened epoxy resin compositions provided through the use of 4,4'-DDS are highly temperature-re- 
sistant and chemicai-reslstanL Further, hardened epoxy resin compositions formed through the use of 4,4'- 
DDS are particularly weH-suHed for temperatures hi the range of from about 200" to abotA 350» F. Moreover, 
in comparison to ottier hardening apents used in Uie art. 4,4'-D08 presents an extremely low health risk. 

The amount of f ^ely^hrided hardening agent used In the inventive wel treating composition to an amount 
which, when disaohwd, to effective for hardening the epoxy resin system. If ttie hardening agent used In the 
inventive composition to f Infciy^lvlded 4,4'-D0S. said 4,4'-DDS to preferably Included in the Inventive compo- 
sition in en amount In the range of from about 25 fl to about 45 g per 100 g of epoxy resin. 

The Indlviduel particles of ttie f ineiy^divfcied henlening egent will preferably have sizes in ttie range of from 
about 1 to about 100 microne. Such particulato materiala can be prapaied. for example, by grinding Uie hard- 
ening agent in e min. 

In order to fedlitato component blending, ttie f inely^Mded hardening agent can be added to the well treat- 
ing composition In a slurry form. Examples of diluent liquids prefsrrsd for use in forming ttie hardening agent 
slurry include methanol, ettianol, teopiopyl alcohol, ethyl acetato. butyl lactate, toluene, xylene, teoamyl alco- 
hol, isohoxyl alcohol, and mbctures thereof. When possible, ttie diluent witt preferably be a liquid material In 
which ttie finely'Klivided hardening agent will not substantially dtosolve at ambient conditions. 

AlUwugh ttie geled carrtor liquid used In ttie Inventive weH treating composition can generally be any gelled 

carrier conwwnly used in ttie art. the gelled carrier liquid to preferably a genad aqueous composition. The geUed 
aqueous composition can generally be fomned using fresh water, brine, seawater or ttw like. 

Generally any gelling agent Gomnioniy uaed In weH treating operationa to fonm gelled aqueous carrier liq- 
uMs can be used in the present inventkxi. The geling agente preferred for use in ttie present biventkm are 
pdysaccharklee having molecular weighto in the range of from about 100,000 to about 4.000.000. Pdysao- 
charfcles having molecular weighto in tiie range of from about 600.000 to about 2.400.000 are particularly wei- 
suitad for uae in ttie present inventioa The polysaccharide gsHIng agent w» preferably include hydroxyetiiyl 
or ottier substituento whk4i piovkte water hy<fration and ottier characteristics conducive to ttw fonnation of a 
dear aqueous gel having a vtocosity of at least about 30 centipotoe on a Fann V.6. meter at300 rpm. Examples 
of polysaccharide polymere preferred for use in die inventive wen treating composition Indude: substituted car- 
baxv and hydroxy aikyi ceiluiose (e.g.. hydroxyetiiyl celhilose and caifooxymeUiyi hydroxyetiiyl csllufose^ guar 
gum; and guar gum derfvatives (e.fl., hydroxy propyl guar). The gelling agent used in ttie Inventive compositloo 
to most preferably elttierhydroxypropyi guar or carboxyetiiyl hydroxypropyi guar and most preferably has a pro- 
pylene oxUe substitution of from about 0.1 to about 0.7 moles of propylene oxkto per mole of mannoae and 

galactose contained In the guar. 

The amount of polysaccharide gelling agent uasd ip forming Um gdled.aqueous canier \UfM w» preferably 
be an amount in ttie range of from about 20 to about 120 pounds of gdiing agent per 100O gaBons of water. 
The geHed aqueoua canier lh|ukJ will preferably have a viacosfty in the range of from about 10 centipoise to 
aboU 400 centipoiae. IMost preferably, ttie gdled aqufloua canier IkiukI to comprised of from about 30 to about 
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50 pounds of hydroxypropyl guar geliing agent per 1000 gallons of water and has a viscosity in the range of 
from IS to about 100 centipoise. 

The gelled aqueous carrier liquid can also indude one or more gel crosslinklng agents. Examples of gel 
crosslinking agents preferred for use in the present invention indude: titanium lactate; titanium triethandamlne; 
5 aluminum acetate; magnesium oxide; and zirconium salts. 

The inventive well treating composition preferat)ly also indudes one or mors gel t)reakefs. The gel t)reAer8 
preferred for use in the inventive composition are materials which are operable for brealdng the aqueous carrier 
gel, and thereby reducing the viscosity of the aqueous carrier liquid, at a time substantiafly corresponding to 
the placement of the inventive composition in a desired subterranean zone. When the carrier liquid gel is brok- 
10 en, the carrier liquid readily separates from the remainder (i.e^ the epoxy resin-coated particulate portion) of 
the well treating composition. As a resuK, the epoxy resin-coated particulate material is allowed to consolidate 
and thereby form a hard permeable nuiss in the subterranean zone. 

When the gelling agent used In the Inventive composition is a substttuted cellulose-type gelling agenti the 
gel breaicer used will preferably be an enzyme-type gel breaker (e.g., cellulase) or an oxklant such as sodium 
15 persulfate. When the gelling agent used in the inventive oompositk>n is a substituted guar gelling agent the 
gel breaker witt preferably be a hemtcellulase or an oxklant such as sodium persulfate. 

The particulate material used in the inventive composition can generally be any proppant or other water- 
insduble particulate material of the type used In fracturing, gravel packing, and simitar well treating operatk>ns. 
Examples Indude: sand; glass beads; nut shells; metallic pellets; gravel; synthetic resin pellets; gllsonite; coke; 
20 sintered alumina; mulllte; and combinations thereof. The particulate material used In the present invention Is 
most preferatily sand. The particulate material will preferably have a partlde size distribution In the range of 
from about 10 to about 70 mesh, U.S. sieve series. 

The amount of particulate material used in the inventive composition Is preferably an amount In the range 
of from about 2 to about 20 pounds of particulate material per gallon of the gelled aqueous carrier liquid. Most 
25 preferably, the amount of particulate material used in the inventive oomposltbn is an amount in the range of 
from about 3 to about 15 pounds of particulate material per gallon ol gelled carrier liquid. 

One or more coupling agents can optionally be used in the Inventive composition to fecUitate the coupling 
of the epoxy resin(s) with the particulate component of the inventive composition. Coupling agents preferred 
for use in the inventive composlion are functkmal silanes. The coupling agent used in ttie inventive compo- 
30 sition is preferably a N-beta-(amlnoethyl)-gemnrMhaminopropyltrimethoxysllane. The amount of coupling agent 
used in tiie inventive oompoeitkin wiH preferably be in an amount in the range of from about 0 to about 2 parte 
by weight per 100 parts by weight of epoxy resin used in the inventive compositkm. 

As will t>e understood by those skilled in the art, hardening rate oontrdlere (i.e., retardera or acceleratore) 
can be used to extend or shorten the time necessary for curing the epoxy resin composltton. Examples of re- 
38 tarders suitable for use in the present inventk>n indude low molecular weight organic add estera (e.g., alkyi 
estera of low nuslecular weight dkyl acids containing from about 2 to about 3 carbon atoms). Exanples of ao- 
celeratore suitable for use in the inventive composition indude: 2,4,e-trto dimethylaminomethylphenol; the 
ethylhexanoate salt of 2,4,6-tris dimethylaminomethylphenol; and weak organic adds such as fumaric acid, 
erythorbic add, ascorbic add, and maleic add. Any hardening rate controller used in the present inventfon will 
40 preferably be present in an amount in the range of from about 0 to about 10 parts by weight per 100 parts by 
weight of epoxy resin used in the oompositfon. 

The Inventive wea treating composition can further indude one or more surfactants whk:h enable the 
epoxy resin system to rapklly coat the particulate material. Examples of such surfactants suitable for use in 
the present invention and desirable concentrattons thereof are disdosed in U.S. Patent Na 5,128,390. 
45 In order to f urttier facilitate ttie coating of the particulate material, tiie inventive composition can also in- 
dude an aliphatic alcohd which is only slightly water-soluble. Examples of preferred aliphatic alcohols indude 
isoamyl alcohd and isohexyi alcohd. When used, such alcohols arm preferably present in the inventive com- 
poskkm In an amount in the range of from about 1 to about 2.5 galtons per 1000 gallons of gelled aqueous 
carrier liquid. 

so As win be understood by tiiose skilled in the art and as expiained in U.S. Patent No. 5,128,390, ttie inventive 
comp<>sitk>n can also indude oUter surfactants which operate as oil-water demulsif iere, foaming agents, arxl 
tttelike. 

The inventh^e weO treating composition can be conveniently formed at Ute well site. In fonming ttie inventive 
composition, ttie geOed aqueous canrier liquid is preferably f iret prepared by combining ttie gelling agent with 
55 water. The resulting gelled aqueous carrier is then preferably conducted to a continuous stream mixing tub or 
ottier commonly used continuous mbdng apparatus. In the mixing tub, the remaining components of the in- 
ventive composition are continuously added to and mbced with the gelled aqueoue carrier liquid. As the com- 
ponente are mixed, ttie resulting mbcture is continuously drawn from the mixing tub and injected into the well 
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such that the Inventive composition is placed or injected into a desired subten^nean zone. 

As the inventive composition flows down the wel tubing towaid the subten^nean zone, the inventive cono- 
position is thoroughly trended such that (a) the particulate material is suspended in the geOed aqueous carrier 
liquid; (b) the components of the epoxy resin system are thoroughly blended; (c) the finely-divided hardening 

5 agent is thoroughly Mended with the epoxy resin system; and (d) the particulate material is thoroughly coated 
with the epoxy resin system/f mely-divided hardening agent blend. 

In one embodiment of the mveniive method, the inventive well treating composition is injected into a well 
under sufficient pressure to form fractures in a sut^erranean formation. The resin-coated particulate material 
deposits and consondates « these fractures to provide fluid-permeable flow paths within the formation. 

10 In another embodiment d the Inventive method, the inventive wel treating composition is used in an other- 
wise conventional gravel packmg operation. In the biventh/e yavel paddng operation, the inventive well treat- 
ing composition is delivered, for example, to an open subterranean zone (e.g., an underreamed wel bore) sur- 
rounding a screening device (e.g.. a perforated liner wrapped wKh a wire screen) whereby the reski-coated 
particulate material deposits and consdiddtes around the screening device to form a hard, flidd-permeabie 

15 mass. 

if desired, the epoxy resvi system and finely-divided hardening agent components of the inventive com- 
position can be premuced to form an inventive one-package epoxy system. Thus, a large batoh of the inventive 
one-package epoxy system can be prepared and stored at a desired locatfon. Porttons of the one-package 
system can then be delivered, when needed, to one or more well altee. 
20 In order to prevent the inventive one-package system from hardening, the system ie maintained under tem- 
perature conditions such that the finely-divided hardening agent does not substantially dissohre in ttw epoxy 
resin system. Consequently, the finely-divided hardening agent used In the present Invention wW preferably 
be a hardening agent whteh will not substentially dissoh^ In ttie epoxy resin system at temperaturee of up to 
at least about 25^*0. 

2S In one embodiment of tiie present invention, the inventh/e one-package epoxy system Is prepared a sub- 
stential period (e.g., at least one day) In advance of the time that the inventive well treating compositton con- 
taining the one-package system is to be injected into a well. When the hardening agent used ki tiie inventive 
one-package system is 4,4'-DDS, the one-package system can generally be stored at temperatures not ex- 
ceeding about 75^ F for a period of more than 25 days. Substential dlssofotion of the 4.4'-D[>8 hardening agent 

30 typfoaly will not occur until tiie temperature of the epoxy resin system is raised to about 9<y* F. 

Throughout the inventive well treatment method, the flnely-dh/Med hardening agent is preferably maln- 
toined under temperature conditfons such that the hardening agent doee not subatentially dissohre in ttie epoxy 
resin system until after the inventWe well traating composition is injected into the wel. When the Inventive com- 
position is exposed to the elevated temperatures existing in the subterranean zone, the f inely-dh^ed hard- 

38 enlng agent dissoh^es In the epoxy resin system and then operatee to harden tiie epoxy resin whereby the resin- 
coated particulate material forms a hani, consdkJated, penrneabte maes. 

The fbiowing examples are presented in order to further illustrate the present invention. 

EXAIiPUBI 

40 

The viscosity development characteristics of an epoxy resin system at iOO* F and 120'> F were evaluated 
over several days. The epoxy resin system consisted of 66 grams of MY0500 (a diglycMyl ether of para- 
aminophenol available from CIBA GEIGY Corporation) mixed with 7.92 grams of 1,4-butanedfol dlglycklyl 
ettier. The resulto of ttiese tests are provkled in Table 1. The results indteate that the epoxy reeln system wil 
45 undergo self-polymertzation at elevated temperaturse wittiout the addition of a hardening agent Sucre self- 
polymerization is likely to occur as a rssutt of tt)e presence of tertiary nitrogens in the backb^ 
reein mdeoute. 

In view of ttiese results, it Is apparent ttiat the epox esm used in tiie inventive compositkm wil preferably 
be a resin whk:h will not substantialy self polymerize mbient conditions prior to tiie time at which tiie In- 
50 ventive composition is properly placed in tiie desired s^^ tenanean zone. 
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2^ • Measured with RVT Brookfleld viscometer at 1 rpoi with 
spindle #4. 

EXAMPLE 11 

30 

55.44 g of 4.4*-DDS powder in 4 ml of butyl lactate were mixed with 98.6 g of en epoxy reain system identicel 
to the epoxy resin system tested in Example I. The resulting dispersion was divided in four portions. Portions 
1. 2, 3. and 4 were maintained, respectively, at room temperature (i.e., about ZS"" F), at W F, at 100'' F, and 
at 120^ F. The viscosity of each composition was monitored over a number of days. 
35 As Indicated in Tat>le 2. the dispersion maintained at room temperature did not substantially harden during 
the entire 26 day testing period. The compositions maintained at 90^ F and 100** F, on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear to have a relatively long pot 
life when stored at temperatures not substantially exceeding /S'^ F. 

40 
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EXAMPLE III 



Numerous one-package epoxy systems were prepared by mixing powdered 4,4 *DDS with various epoxy 
25 resin systems. The compositions of these one-package systems are s^ forth in Table 3. In some cases, the 
powdered 4,4-DDS composition used in the blending process was a powdered 4,4 -DDS/methanoi slunry. 

Each of the on»-package epoxy systerro was used to coat a sand material suspended in a carrier. In each 
instance, the resin mbdure in questkm was added to an amount of the sand/canier suspenston and the restiting 
composition was blended for 3 minutes using an overhead stirrer. The sand/carrier used in each case contained 
30 8 pounds of sand per 100 gallons of carrier liquid. 

Foiowfoig the coating procedure, each of the resin-coated particulate materials was cursd. Table4 provkJea 
the curing conditions used in each case ae wel as the type of sand used, the amount of one-package system 
used per sack of sand, and the carrier liquid used in each case. 

Following the curing process, the compressive strengths, glass tran8ltk>n temperatures^ and melt temper- 
as atures of the resulting coneoadated materials wars determined. These properties are provkled in Table 4. 

Ae indk:ated In Table 4. the one-package epoxy/DDS dieperstons provkled by the present inventton were 
effective for coating suspended sand and for provkling consolidated materials having compressive strengths 
substantially exceeding the compressive strength of unooated sand. 

The glass transltton temperature (Tg) of a cured epcscy reski generally Indteates the upper useful temper- 
40 ature limit of the cured resin. As indicated in Table 4, almo^ ail of the hardened compositions prepared in this 
Example had glass transitk)n temperatures exceeding 200^ F. Several of the hardened compositions exhibited 
glass tranaitkMi temperatures approaching or exceeding 350^ F. 
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1 .5 mL of r^beta-(amino6thyl)-gamma-afnifK>pfopyltrimethoxy-silan6,41 .58 grams of HT976, and 11 .55 mL of 
methanol was prepared by mixing using an overhead stirrer. A first portion of this composition was used to 
coat 20/40 mesh Ottawa f rac sand at a concentration of 0.5 gallons of the one-padcage epoxy system per 100 
lb. sack of sand. A second portion of the one-package system was used to coat 20/40 mesh Ottawa f rac sand 

5 at a concentration of 0.375 gaUons of the one-package system per 100 lb. sack of sand. The procedure used 
in each case for coating the sand with the one-package system involved the steps of. suspending the sand in 
a gelled aqueous carrier liquid at a concentratton of 8 pounds of sand per 100 gallons of gelled liquid; adding 
the one-package epoxy system to the sand/carrier liquM suspension; and blending the resulting compositkNi 
for 3 minutes using an overhead nvxer. The geled carrier liquid had a pH of 9.5 and was composed of 40 lb. 

10 of hydroxypropyl guar per 1000 gallons of aqueous liquid. The aqueous liquid used was an aqueous 2% KCI 
solution. 

Each of the resin-coated sand composittons was cured for 24 hours at 275'' F and 1000 psi dosurs pressure 
in an API linear conducth^fty cell. 

Following the curing procedure, water flow was initiated through each of the conductivity cells and the cen- 
ts ductivities of the materials therein were determined. How conductivities for each of the materials were then 
determined at dosure pressures of 40CG psi and 6000 psi. The conductivity values obtained in these tests are 
recorded in Table 5. 

For comparison purposes, the fluid conductivty of uncoated 20/40 Ottawa sand was also determined at 
closure pressures of 1000 psi, 4000 psi, and 6000 psi. The results of these tests are also shown in Table 5. 
20 As indicated in Table 5, the fluid conductivities of the consolidated materials prepared using the inventive 
one-package epoxy system substantially exceeded the fluid conductivities of the uncoated sand. 

At the end of the flow conductivity test, each of the consolidated compositions remained consdidated. 
Scanning electron microscope analysis indicated that the hardened epoxy surface coatings formed in each 
case were not In any way substantially disrupted by the hiqh pressure ftow tests. 

TABLES 



35 



FRACTURE CONDUCTIVITY DATA 


Stress (psi) 


Conductivity (md-ft) 


.375 gal/sadi . 


.5 gal^adi 


No Resin 


1000 




5385 


5814 


4231 


4O0O 




4225 


3040 


2422 


6000 




3029 


2416 


950 



EXAMPLE V 

A dispersion consisting of 41 .58 grams of HT 976 powder, 66 grams of MYO500, 7.92 grams of RD-2, and 
3 milliliters of butyl lactate was prepared by mixing with an overhead stirrer. 1.5 millitters of r4-beta-(aminoe- 
thyt)-gamma-amlnopropyltrimethoxy sllane coupling agent and 11.55 millilitBrB of methand were added to the 
disperskm and mixed therewith using said overhead stirrer. 

A portton of the resulting mixture was used to coat 20/40 mesh Ottawa f rac sand in an amount of 0.5 gattons 
of mixture per 1 00 lb. sack of sand. A second portion of the mixture was used to coat 20/40 mesh Ottawa f rac 
sand in an amount of 0.75 galons of mudurs per 100 lb. sack of sand. During the sand coating process, the 
sand was suspended in an aqueous gd having a pH of 9.5 and consisting of 40 pounds of hydroxypropyl guar 
per 1000 galons of aqueous 2% KCI sdution. In each case, the sand/gelled carrier suspenston oonsistsd of 
8 pounds of sand per 100 galons of the geled aqueous carrier liquid. The sand coating procedure used was 
essentialy klenticd to the coating procedure described in Example IH. 

Each of the resin-coated sand compositions was cured in an API linear conductivity cell for 20 hours at a 
temperature of 275'' F. After hardening, each of theconsdkteted materids had a compressive strength of 1300 
pd at 275** F. At a dosure prsesure of 600 psi, the 0.5 gallon per sack mderid exhibited a flow condUdhnty 
of 2500 md-ft whereas the 0.75 gallon per sadc materid exhibited a flow conductivity of 3000 md-ft Since, as 
indicated above, the fracture conductivity of uncoated 20/40 mesh Ottawa f rac sand under these conditkMie 
is only 950 md-ft, the hardened inventive oomposiUons exhbHed f radure oonducth^tties sut>stantidly exceed- 

la 
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ing the fracture oonAjctivity of uncoated sand. 
EXAMPLE VI 

5 Twelve epoxy novdac based one-package epoxy systents (Le., resin system composKions 29-40) having 
the compositions set forth in Table 6 were prepared. Resin system compositions 29-33 were prepared by mixing 
together 19 g of SU 2.5. 3.3 g of HELOXY 5044, 1 mL of ED-t and 7.56 g of HT 976 for ISO minutes using a 
mechanical stirrer. To this mixture was added 0.5 mL of All 20 foliowed by 15 minutes of additional stining. 
Next 3 mL of methanol were added followed by 5 additional minutes of stirring. The resulting mixture was then 

10 used, in the amounts set forth in Table 6, to coat 20/40 mesh Ottawa sand in an aqueous gel carrier. 

Resin system compositions 34-36 were prepared by mbcing together 1 9 g of SU 2.5, 3.3 g of HELOXY 5044, 
1 mL of ED-1 , and 0.5 mL of A1120 for 1 5 minutes. Next 7.56 g of HT 976 dispersed in 7 mL of methanol were 
added followed by one minute of additional stirring. The resulting mbcture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

IS Resin system compositions 37-40 were prepared by mbdng together, in the amounts set forth in Table 6, 
SU 2.5, HELOXY 5044, and A1120 for 15 minutes using a mechanical stirrer. Asecond composition containing 
HT 976, ED-1. and methanol in the amounts set forth in Table 6 was prepared by mbcing these components 
together for 10 minutes using a mechanical stirrer. The second composition was added to the first composition 
and the resulting mixture was stirred for one minute. The final stirred mixture was then used in the amounts 

20 set forth In Table 6 to coat 20/40 mesh Ottawa sand In an aqueous carrier gel. 

The gelled aqueous carrier liquid used in each case contained 40 lb. of hydroxy propyl guar per 1 000 gallons 
of aqueous liquid (i.e., 2% aqueous KCI solution) and had a pH of 5. In each case, the sand/carrier liquid sus- 
pension used consisted of 500 g of sand per 555 mL of gelled aqueous canler liquid. 

In each case, the sand was coated with the resin composition by mbdng the resin composition with the 

25 sand/carrier suspension using an overhead stirrer. Following the coating procedure, each of the resin coated 
sand materials was packed in a separate glass tube and cured in an oven. The curing conditions used, as well 
as the compressh^e strengths and glass transition temperatures exhibited by the cured materials, are recorded 
in Table 6. 

As indicated by the compressive strength and glass transition temperature characteristics exhibited by 
30 compositions 29-40, these epoxy novolac based resin systems provided consolidated materials which were 
well-suHed for use at temperatures exceeding 300* F. 
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Claims 

1. A method of treating a subterranean zone in a well, which method comprises the steps of: 

(a) injecting a treating composition into the weO to place the composition in the said, subterranean zone; 
wherein the treating composition comprises a geOed carrier, a particulate material, an epoxy resin sys^ 
tern including at least one epoxy resin, and a finely-dh/ided hardening agent which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said f inely*divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that prior to injecting the com- 
position into the well in acooidance with step (a), the finely-divided hardening agent is not substantially 
dissolved. 

2. A method according to daim 1 , further comprising the step, prior to step (a), of premixing the f Inely-dhdded 
hardening agent with the epoxy resin system. 

3. A method according to daim 2. wherein the finely-divided hardening agent is premixed with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to daim 2 or 3, wherein said finely-dhrlded hardening agent is premixed with said 
epoxy resin system by mbdng with said epoxy resin system a slurry comprising the finely-divided hard- 
ening agent and a carrier liquid. 

5. A method according to daim 4, wherein the carrier liquid is methanol, ethand, isopropyl alcohol, ethyl acet- 
ate, butyl lactate, tduene, xylene, isoamyl alcohd, Isohexyl aloohol, or any mbcture of two or more thereof. 

e. A method according to any of daims 1 to 5, wherein the epoxy resin system further indudes at least one 
soh^ent 

7. A method according to any^of daims t jp 6; wherein the treating composition is prepared by.. 

(i) adding the particulate ifhaterial to a substantially continuous stream comprising water and a gelling 
agent; and 

(ii) adding the epoxy resin system and the f indy^divided hardening agent to said continuous stream. 

a. A method according to any of claims 1 to 7, wherein the f inely-dhrfded hardening agent is 4,4 -diamino- 
diphenylsulfone. 

9. A method according to any of daims 1 to 8, wherein said subterranean zone is a subterranean fomnation 
and said treating composition is injected into the well under suff ident pressure to fracture the subterra- 
nean formation. 

1 0. A method according to any of daims 1 to 9, wherein the treating composition is injected into the wdl such 
that the participate material is coated with the epoxy resin system and the finely-divided hardening agent, 
and the coated particulate material is deposited in said subterranean zone around a screening device. 
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